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(71) We, MERCK & CO. INC, a cor- 
pcotian ch^ cngaiused and esiamg uader the 
hws uT the StaiE bf New Jersey, United States 
of America, of Rahway, New Jersey, Unittd 

S Staites of America do faaeby dectee the in^ 
veoiti(n for viadi we pray th^ a patent 
may be granted to us, and die mahod by 
vbiA it is to be perfinmed to be particu- 
laily described in and by die following stacev 

10 mem: — 

The eliminatiaa of booterial infectiMB by 
mdbiotic therapy is often thwaned by prac- 
tical difficukies for adneving sufficiently Ug^ 
levels of the antibiotic at the site of iofsc- 

15 tion. In cases where oidy margirally effective 
conoentratioss are used, anolucitic-reastant 
oigaoisms ftequendy emerge bom the origiad 
inf m ing pc^mhtkm. Thb problem is import- 
mit in the case of the new antiUbtic pbos- 

20 phooomycin [(-) (fir - 1,2 - epoxypmpyl) 
pbosptoic add] since it is eatcreted rapidty 
and its eaioa is aotagmized by cDrnmon 
ooQStitueDts of plasma and urine sodi as 
glcoose and phosphaite, respectiTdy. In adtfi- 

25 tion, the antibuitic is occarainally found to be 
iuefleudve against pre-adsiEat mntatft; which 
axe retatively reastant to das andbiotic and 
occDC withm many bacterial pt^xdadoos. 
Aoxmlingly, methods overcoming these dif- 

30 ficuhies in antibiotic therapy have been 
sought 

This present inventioa is based on the dis- 
covery tlia the activity of pibosphcnomyctn 
andt^tics as faearein defined in ^eady poien- 

35 ^ted by certain inducers dtat act to improve 
cettaiD tran^mrt pathw^s in bacteria. 

In accordance wkh the present invention 
die aadfaacteriai atitivi^ of a {diosidKNiomydn 
antibiodc in a tUHirlBunan anifflal is poiten- 

40 tuted by bringing bacaeria into oontaoi wkh 
an inducer selected from phosphaitides, sugar 
pfaosplBUes end salts thereoif, md pol}4iydric 



aIcdto}% whoet^ an tes ting pho^hono- 
mydn transport ipatbw^ in die baosria is 
e nh anced or a new such patbws^ is faitiught 45 
into bemg, and subsequently or amuhaneoosty 
bringing the bacteria hito amtaa a 
pbosphuiomydn antibbtic. 
_ lliis present inveniian also provides an anti- 
biotic oompodtian compnang a ptospfaono- SO 
mydn antibiotic as herein Hp^pH an inducor 
of 3 phosphcuomyiin transptst STSiem in 
bacterid sdeoted from pboGjdBddes, sugar 
{Aos{^es and alts diereof, and polyhydric 
alcohols, and a i^annaoeutically acoptable SS 
earner, dihism or veUde. 

Thus, oampounds erhanctng the aotivi^ of 
the a-^ycen>ptoid)2te trarBpooc system, or 
evoking de novo a hexc^phcsfdiaite system in 
bauioia can be ised ettfaer pmr to or con- 60 
comitantfy with a pfaoqiliiHiomycin antibiotic 
to potentiate its activi^, diereby permitting 
i3ierapy at dssoe levds obtainable by reason- 
able dosage. For exanpte, micromigsanjsms thai 
exhort no evidence of senadvi^ to a parti- 65 
cular antibiotic either becaise of ds absence 
of a traatspom padiway or the prepuce of 
only low levels of siitable iranspwit padiways 
are lendtied sensitive to the antibiotic by ex- 
posure to ffit inducer of the tfpe defined ^ve 70 
to provide a su&able padiway or (HI ciahaiico- 
ment <A the existing padiway. In diose cases 
where less don die maxiinal rate t^ s yml ia> it i 
of the susceptible transport system occurs prior 
to the introduotica of dK indiusr to the 75 
medium, the mduoer is said to enhance the 
raxe ot their ^mdiesis thus enhance the 
activity per cdl of the mnspart system. In 
diose cases where the rate of synthesis of a 
particular dass is virtually zero in the abs:nce 80 
of inducors, the latter intttiduce a new trans- 
pan paibway into being. The inducer is fr&- 
queuQy a substrate for raie of the group of 
proteins it enhances or evokes. 
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By virtue of the activity of the inducm 
teed in aocordasoe with this pxcseia inven- 
tion, oi^ganisnu stimulated by ihem accumulate 
la^xa levels of pbosi^tmomydn and aie thus 

5 killed by lelaiively smaU dose of the anti- 
biotic. Oigaoisms tlat show no evidence of 
seoiitivi^ toward pho^»honomydn, dther be- 
cause the o-^yasoi^^lBie system is present 
at ady tow kvds f>r is abseis altogether as 

10 a lesmt of mntadon to phon>te>nooiycm resis- 
tance are rendered soaitfve to thb and- 
tnodcl^ die evocadon of the hezou-phosjdiaite 
transpoct pathw^. Thus senstivi^ is coa- 
f ened on bact e r ia populatlcss that are cdier- 

15 wise uitfreatable, dther thiou^ prior aoquisi- 
tioa ot leastance to the anttUimc or tiiroush 
inttinsic tnsensidvtt^ to the antibccdc. 

Anodtor advantage that may resuSt from di: 
preEent iitventicfl is tiat if two or moie 

20 indq)widmt ttasspist systems are indndble 
in a microargaaism, the tnddence of esti- 
bictic redstance is much lower, since the simnl- 
tanAnis loss by mitation oi two pathways is 
rare in mioooigmams. 

^ It ftould be aiq)hasized that die inducers 
described herein ace sot andbictics cr and- 
metabolites but tfau diey aimntate the biosyn- 
thesis of nainral nntrisit transport meclKnisms 
dot mfliBty tlie ent^ into ifae cell t>f die 

30 pbo^^bononrsrcm antibiotic This phaiomenon 
ajphes mu'qiKly ta dir {dio^honfflnyctn anri- 
hodcs since it bus been otee^ed dot bacterial 
strains dms indiaoed stem no increase in 
senadv^ to cdisr andblodcs tested. An 

35 impoiFCm advanta^oos cmseqaeme of uang 
the oompounds serving ss inducers is that tiis 
inducer need not be {sesent Tdien die ttanspm 
systems mediate the esuiy of amibiodc mto 
tile bactetiua. Thus, inducers tli^ might com- 

40 pac with the phos|diouoiuycin antibiotic for 
the tianspait pnrteins when simuhaneotc^y 
present with it and dius impair ^ transport 
p^iway may be added \te& prior to die 
administradon of the antibiotic and be given 

45 opiwrtimity to dissipate within the host In 
action, the present invemiDn does not le- 
quhs that the blood levds and enaction 
rate of two or mote components be matched 
with each ether, wfaidi is nnmally the case 

50 when t\ni antibiotics areooadmtiiis&iied 'to give 
a synergistic effect ThereforE, the difficulty 
encounteied in the past of establKliing potent 
levels of two differoit synergizing drags do» 
not ffidse in the present invention since the 

55 Bidooen used need only to induce the nans- 
part pcahway and then disappar; the trans- 
port Rotdns producui remain sid thereby 
pnoviffi! a msms of amy of antibfotic into the 
bacteria odl. Sugar phosphates that are pre- 

60 ieited for use in the methods and compositions 
cf the present invention include glucose - 6 - 
phosphate, fructose - 6 - phospdiate, mamose - 
6 - jAosphat^ glucose - I - phS)sphate, 
2 - deozy - glucose - 6 - phosphate 2 - 

65 unino - 2 - deoxy - glucose - 6 - pkosphatei 



glucose - 1,6 - diphosphate, galactose - 6 - 
phosphEte Md ribose - 5 - i&iq>hate. Thus, 
when syscqsible bacteria are contacted with 
die; sugar ptospkaes either prior vo or con- 
comitandy wkh a phnsphonomydn antibiotic, 65 
such phosphates or an acdvc metabolite de- 
rive therefrom potentiaie the activity of 
die antibiotic^ and it is thai possible to use 
mudi snallcr amounts of the cntibicdc thnn 
wonld alMwise be necesaiy to cooMl the 70 
potbogea This observed co-action m induc- 
a hsicosc - 6 - phosphate transport system 
to poxntisx tb: effecdveness of the phos- 
I^jonomjrcin andbiotic is indeed remidaible 
and entiiely unexpected. For example, m tsts 75 
in mice agaksr & coU it is found that using 
a combhudon of {^cose - 6 - phosphate and 
the ondbiodc, the dose of phosiriioncmydn 
andbiotic needed to protea one-haB the mice 
is less tSum one-tenth th^t reqirred of ami- 80 
biodc alone. 

The coaction of the inducere desaibid here- 
in and the pho&phonomydn andbiotic provide 
a valuable means for controlling and dimmat- 
ing bacteria vvhidi ate odiervnse resistant to 85 
the acnon of a j^ocphraomjrcin antibiotic. 
Thus in acoordance with the piciiijt invecticn 
a combination of the aduced and the antibiotic 
in a suitable vehidc can be prepared by wdl 
Imown procedure^ aid tsed topically for the 90 
treatment of infecdons. Akemativdy and in 
accordance with anodier embodiment of the 
pieseot inventicn, the inducer and die and- 
biodc can be adnuni-teied pared^iatly or 
oialfy to an infected ncn-human animal hox 95 
eidier sejsafstely or in combinstica in a suit- 
able pharmaceutical carrier, ca one can be 
administered parenterally and the ncond can 
be given oia%. 

TTie pharmaceutical foims of the anribicdc 100 
and/or the inducing ccn^imds, which con- 
si&cDe another aspect of the presiat invendon, 
can be prepared in accordsnce wjth well 
known procedures using suitable phannaoeuti- 
cal solid or h'quid diluents. The conqiositicas 105 
can be in the form of tablets, pcwderj, 
granules, capsules^ suspensions, solutions, 
dims, sjTups or dbsr dosage forms panfcu- 
iaiiy suitable for oral administration. It can 
also be in the form of sterilized solutions or 110 
siEpensions for psesteral admim'sitEtica. In 
sudi products lite sterile vchide cim be a 
sterile solution or suspension. The composi- 
tions containing the antibiotic can be admixed 
vritb solid dSuents and/or tabletmg adjuvanc 115 
sudi 83 cem jsarcb, taici t^earic acid, mag- 
ncdum steaiste and gums. The usual cn- 
c^sulating or tableting materials useful in 
preparing pharmaceutical products cm be 
used so long as they are not incompatible 120 
with the antibiotic or the indudng compoiBidi. 
Thse dosage forms can comain from 25 to 
500 m^ of the active subsumces aad csn 
be admmistered in dioscs given 1 to 6 times 
per day depending upon the patient's age and 130 
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OTffidMtm, the infccdcai and dte mode of 
sdxQHi^tr&tion- 

The tenn "pbospbontnaycm amitHotic" as 
used betaa mrhiflfft pfao^dnmomydn and 
5 its derivativa of tte ftmnula: 



0 O Y 

/\ t/ 
O^-CH— CH— P 



TO 



and tbe cxtnespoodiiig anabgues of the 
fgrmnla: 

O A O Y 



\ 



10 nbeie A «q>resaiB tqnirogeo of Ci-, tSkyl, 
and each of Y and Z, vdiidi are ifae sane or 
different rqaesems OH, OR, — NRxRa 



— Niu-in— CC 



:ooH, 

— NROR, — NRNR.R» — NR.— N=CR,Ra 
NR 

15 — NR— d— NR.R, 
O 

— nhL-xr, 
o 

NB-L-NRiRs, 

— N=C=X, or — ii^ wbae R is hydrogea 
or a univalent sobaituted or rasubetkuted 

20 hyOt o ca ilj uu gnn^ and eacb of R, snd R, 
fgaesaus bjdtosga, acji, or a imivalent sid>- 
sbtsiEd ot msabetitised faydnocarbon group, 
the sdKtctiESts in die snbstkuted bydrocaibaa 
gnnqs in de&utioss of R, and R, being 

25 aminD, tkm, bab> or oj^yj^-amtaimng sob- 
stitiiaii& Also isdudod in focnndae I and n 
are tfae harpme and organic sates of those 
otsnpounds m wWcfa Y mi/a Z b — OI^ 
and fee cjc&: dorivaidTes in vAddt Y and Z 

30 are omnected via a lesidiie of a pdyfunodonal 
bydnitarbon conqxRaid sudi as a straight or 
hrandied-chain Mkylme, aralkyleile, aiylene 
ptdyamine, or aminoalcohol, sudi as etbjrlene- 
dinmine, ntnnmrtmnn lMti^inf.^ pbar^lenedi- 

35 amines naphdulmediamine w o-amfaophend, 
and tose cydic derivatives im whidj — NRjR, 
represents the lesidue of a q>clic piimaiy or 
seoondaty amin^ far exempted ntorirfwlinei 
piperidine or p^rolidise. 

40 Whe re R, Ri or R^ in famadae I and II 
rqjrescnr a univalent substituted or unsub- 



s ritptp d bydrocaibon radical, it can be alt 
Italic, cy^oaliphiitic, araliphatic or arontatic 
and CBo, if desued, be fuithar substitiaed. 
When aUpbsiic^ it can be siibstttsted or on- 45 
sabstitiited #yl, aScenyl or aftynyL R, R, and 
R, can aSso be ara&yl or subattoted atalicyi 
sucb OS baizyl, jdteneitfaji, phenylpropyl, p- 
halobea^I or m- or p-alkoxyteozyl, nitro- 
bejizy], aminopteinetl^l, pyridylet^ nitto> 50 
foiylntediyl or thienjipropyl, and etfl or 
suUrituusd toy], such as ^Swfl, njqibthyf or 
sid>stiti]ted phenyl 

Thos, in accordance with die focegptng, the 
amide group or grotqs can be derived from 55 
compounds than are themselves anti- 
bacterial. Exanmles of sudi oompouods 
tb^ migjic _ be mentioned are 6- 
aminopenici&anic add, 7 - ammocepbalo- 
spcnanic and, sidfa comjsninds such es 60 
sutfanitfimidf, su^fadiaane^ sulfeinerizine^ 
stilfantethazhie, sidfedimetine^ sutf^^vidine^ 
stiWathiazole, sul£la»a2(de^ tfaiodiazole, 9j3i- 
acetamide^ sulfaguanidiii^ sulfaqinncacdine, 
and p-aminqiiienylsulfoiiamide^ and ^-amino^ 65 
benzousiilfdmc add, and aiuitnadc ^cnts 
such as et n pid H i n, streptomycin, dii^bo- 
streptranydn, cydoseiin^ ceplatciglycin and 
"Th?Hirin. 

The compounds of fonntilas I aial n vriioe 70 
attot raie of Y and Z is —OH will fonn 
ofgauic asd tnoigaiuc salts, which ooostttute 
a preferred aspeac of mvendca bw<ru5c 
they arc more ataWe than the free add. 
Examples of such salts are inmrgsnic met^c 75 
s^ls such as as tis sodhan, ahnaJnioni, podas- 
shnn, ammoninm, caldum, magnesium, ^vor 
md inm sabs. Organic sate tiias may be 
uffluiooed as ie{ncsentaitive iiidude tiie salts 
wkh primary, secondiaiy m tertraiy amines 80 
such as niaQodlc^mines, diaQcylamuies, tri- 
aUgiamines and maogen-OQiitaining fasteio- 
cydic amines . ^ Rqnosensative examples are 
salts with amines sud> as a-^snetfaylomine, 
dtedqteiin^ ^mnme, bracing lysine^ 85 
pr oraimn s, ar ginine, ptocmis, edtamdmnine, 
uiuipbiue, btauylaiuine^ ^yteoediamnie, 
N,N' - diben2yleib^£indiamine, diothano!- 
aminf, ^peiazine, dimethylaminoedianol, 2 - 
fflnino - 2 - metbjd - 1 - pnqanol, ^imfirfi- 90 
&ie, esters of ammo add^ and N-metbyl- 
i^ncamine. If desired, tiie bsic lesidue of the 
salt may be a laologicaSy axJtive amine sudi 
as erythron^dn, oleandomycin or novobiocin. 

The monoafflidb-monoBter deiivativts and 95 
particularly those oompoands having a labile 
ester sidisdtueat are e^edaiUy valuable deriva- 
tives. By fte term labile ester" is meant a 
group which is resxlily faydrolyzed biologicaHy, 
for example by enzymes in the body fluids off 100 
animals mdudiog man, to produce the free 
add or a salt tfaa%of which a mare native as 
an anrihuaic ageia. The amide w stdstitiBed 
amide groups present in the amide-ester 
derivatives are dso readily hyctarfysed Ho- 105 
logically in the body fluids and tence ilie 



amide-labile ester derivatives sre useful in 
smibiotic liaapj. 

SiEtaUe lalHte esrer groups indude ethers 
of th: fbnmila — CHjOR, a fbsasv/lo-sy- 
5 method groq>, acyfosy mab^ i^oups of the 
foimula — C2I3OA \riiere A is an ai^i group 
oomprising an organic radical derived £n>m 
aa oigaoic add by the removal of the hydroxy 
groups amide and solmtuied mu'de derivatives 

10 of such ^qrlosymethyl substituents, acylammo- 
methyi grn^s of th: formnla — OI-NHA 
where A is de same as defined above, thio- 
fsssibyl ethas of the fonnula — CH:SR, an 
eAtmjiaw aoap oS the fonnula 

15 — CHjOC^C^ sobstkuted edijuytosy 
grnqis tS the fbnnnia —CHJOCsCR, a 
vinylozymediyl group td the foimub 
— CHjOCH=CH-, snhatfmiEd vinylosy- 
mediyl groups of the ibimnlae 

20 — CHi,OCII=CHR or — CH.0CH=C21R, 
or a nitro oxy Bmip of lbs fonnula 
— CHjONOj. R in each of the foregoing 
foonulae is a miivalest subsittiittd or usBub- 
stituted hydrocsibon gnnijx 

25 Specific examples of atdi labil: e$tar groups 
that mig^ be mmtimifrf are meidiozyinetbyl, 
fetrahydropyrsiQtosynalQr], phenacyloxy- 
meib^ acetDxymethyl, buiyrylozymetfayl, iso- 
biuyij^oizyniethyl, pivali^oxymethjd, beozoyl- 

30 oxymeihyl, 2 - m^yib^zoyloxymediyl, 2j6 - 
d>niedi}ilKnzo^zyinahfyl, 2 - mafayl - 6 - 
ddoroboizoj^ozyinet]^ 3 - trifiuoimediyi- 
bsnzoyioKymetfayl, 2 - n&robenzojioxymetliylt 
2 - met}gidii(dKazo}4a^maby], 2 - thienyl- 



carbonybxymedQl, 2 - fwylcaibonyloxy- 35 
methyl, 3 - pyridylciirbonyloxj-methyl, pyr- 
aanylcarbonyloxymethyl, 2 - mahyic>rjo. 
paQ^lcaibonyloxpneiiiy^ 1 - adammtyl- 
cerbonyioxymethyl, phenyL'ulfoDyhnethyl. 
pbosphonooxymetiyl, diediylphosphoacxj- 40 
mahyl, carbedwsyoxymethyl, carfcamoj'loxy- 
methj4, N - m3thyic3ibamoylos)'methyl, N,N - 
dimethylc8ibamo>fesjTncthyl, phinylsulf- 
amoyh>x>Tnethyl, acetamimanediyl, baizoyl- 
amutometiiyl, msthyithiometfayl, pbenyldiio- 45 
methyl, vinylojqmMhyl, 1 - methylvinyloxj'- 
methy], and nitrooxymethyL 

The following examples iUisOate embodi- 
ments of the inventicn. 'Difco' and 'Dowes* 
are trademarks. 50 
Example 1 

Effect of Combining Glycerol cr DL^ 
Glycerophosph^ viSi Phosphonomydn on 
its Idiibition of Several Strsns of Bacteria 

Ovam^ cultares of du indicated strains in 55 
Nutrient Broth (Difco) were dihscd one 
hundred fold, ami 0.05 mL portion was 
swabbai over die surface of a 2mm-deep 
kyer of the indicatE'<f soUd gnratth media in 
50cm' petri dSshts. Sensitivity discs, oncisting 60 
of a 7mm-diameter filter-paper crd; contain- 
ing either 5 or 30 ug of jidiosphonomycin with 
an add^nal amount of glycerol w disodium 
DL-n-glyceroidio^>bcite were placed on the 
surfooe of the seeded agar. Zones of inhibidon 65 
were measured after 18 hours of incubation 
a 37°C The results are shown in the fbllow- 
ing table: 
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Zone Size mm 
Diameter 



Strain 



Medium 



K coB 
MB 24S9 

K eoK 
MB 2498 

B. coK 

MB 2489 A2 

E. coB 
MB 2017 

Pseudo, 

aerugwosd 

T9 

Pteudo. 
aerugiti 
T 19 

Pr. mrabiSs 
T 10 

D. pneumoniae 
137 

D, pneumonue 
137 



D. pneumomae 
I 2483 



Str^. pyogenes 
3009 



Strep, pyogenes 
1685 



SaL uhott- 
mudUn 1814 



Nutrient Agar 
Nutrient Agar 
Nutrient Agar 
Nutrient Agar 
Nutrient Agar 

Nutrient Agar 



Mueller Hinton 
Agar 

Nutrient Agar + 
10% Horse serum 

Brain Heart 
InfiisicQ + 
10% Hoise setum 

Brain Heart 
Infusion + 10% 

Hotse serum 
Brain Heart 
Infusion + 10% 
Hotse serum 

Brain Heart 
Infusion + 10% 
Horse semm 

Brain Heart 



Sal. lypK- Brain Heart 
rmiriim MB 1995 Infusion 



Sd. typhosa. 
2866 



Brain Heart 
Infusion 



A B 



30 



30 



30 



30 



30 



30 



30 



30 



30 



30 



11 



13 



12 



15 



18 



21 



10 



12 



10 



15 



14 



11 



15 



19 



45 



13 



47 



40 



31 



25 



40 
12 
43 
26 
18 

29 

23 



15 — 



14 — 



13 — 



19 — 



17 — 



19 — 



19 



22 — 



10 



13 



10 



16 



15 



16 



23 



23 



16 — 



15 — 



14 — 



18 



13 



12 — 



15 — 



19 - 



Key to identity and amount of potentiator added to disc in oombinarion widi phosphanomyctn; 
P — Fhosphonomydn (disodium sah) (amount indicated in the column to tlie left). 
A — Qycerol, 10 mg. 
B — Glycerol, 1 mg. 

C — Dl^-glycerophosphate, disodium, 10 (ig. 
D — DL-u-glyceropliosphate, disodium, 100 )ig. 



6 



6 



Gl^cend is seen lo affect a bnad speccrmn 
of strains, failing only in the CESe of £. coli 
2498 (a mmant derivative of MB 2489') whidi 
is knmm to bd: o-glyceropbosphate transpoit 

5 actively, and Protetu mirabUis (T 10). The 
latter strain, in common wttb all senative 
Proteus spedes exnminpd, has a veiy active 
o-glycerophiKphate transpoit system, which is 
in all prol»bility not subject to enhancement 

10 by incDKers. 

Few significant examples of enhancwl sensi- 
tivity are observed at the low levd of added 
diso£mu DXro-glyceiophosphatt, even though 
it is a Icnown inducer of mt tianspon syston 

13 at least m MB 2489. Rather, antagonism is 
demonstnaUe at the high level (100 
added to the disc. This phenomenon jnob^ly 
repiesents the expected oompetkion between 
phospfaonomycin and a-gjyoeiophosphate for 



dieir common transport system. In contrast, 20 
glyceit)], wMle an inducer, is not a siibsinUe, 
and dterefore does not preoccv^ d>e transport 
system whose activity it has stimidated. 



Example 2 

The Effect of Gluoos>6-Pho^hate on the 
Sensitivity of Esehericlaa coU and Staphylc- 
coecus aurau tb Pfiosphonomyda in Ligtrid 
Ai&lia o f Various Composition 
Ovanigb bituh cukuics were dHuted 1: 
10,000 (10' cells/ml} in the indicated media 
and combined wi& an equal vohone of media 
r«vnT«"i''pc various leveb of disodium ^los- 
phonomydn. The mhiimal inhibiiciy concen- 
tration (AII.C) was that final amcenoatioa 
of pbosphonomydn below wludi tutbtdity was 
(^erv^ following a 24-hoiir htcubation at 
35°C 



Medium 



MJ.C. fig/ad 
Sttakylococats aureus EsdiirichiaeoB 
MB 2949 MB 2017 



Mueller Hinton Bioth 50 
pifco) 

Mueller Hinton Bioth (dus 3.12 
disodinm £^ncose-6-ph(Kphate, 
25 (ig/ml 

Nutrient Broth 25 
(Di&o) 

Nutrient Broth (Difco) 1.5 
plus disodinm ^ucose-6-phosphate 

Nutrient Broth (Difco) phis 3.12 
5% vA Defibtisated 
Slteep Blood (Gibco) 



3.12 
0.78 

12.5 
0.39 
0.39 



25 



30 



35 



With both mesUa, gluoose-fi-pho^hate is 
40 observed to potentiate by a factor of 4 to 40 
the sensitivity of Gnun-poskive and Gram- 
negative paafaogem. In Niariem Bmtb, die 
e&ot observed with ghia)se-6-|Aospfa2C 
mimics that observed with sheq> blood. 
45 Example 3 

The Influence of Gluco5s-6-Phospfaa« on the 
Fraction of Baoterial populations that Survive 
a Given Level of Fhaspbonomydn 
Vaiious dilutions of ovemi^ broth cultures 
50 of the indicated bacterial strains were swabbed 



over die surface of petii dishes ccstaining 
Mueller Hinton medium, IJy^ Agar pifco^ 
and supplemented with the indicated levels 
of disodium phosphonomyciii, with of with- 
out 25 .«g/ml of disodium ghicose-6-phos- 55 
I^iaie. From the number of colmiies {Hesent at 
a particular dilution of input oigamsms, the 
number of input oeUs survivmg a given level 
of phosphonomydn with and wkhout glucose- 
6-plio^hate are calculated and shown in the 60 
foUowbig table: 



7 



1311,956 



7 



Ntimbet of surviving colony 
formers per nu 
Mneller MneQei Bioton 
(ig/ml ISn toa Agar plus 25 i^ml 

Fhospliono- Agar ^iicose-6- 

Strain mydn alone phosphate 



'Bsdieridua coU 


0 


3 X 10° 


3 X 10» 




10 


3 X 10* 


5 X IC 




30 


3 X 10» 


50 




100 


3 X 10* 


<10 


St<^>kyloeoccttt aureus 


0 


3 X 10» 


3 X 10» 


MB 2949 




^ -V IAS 
J X llr 


<i w ins 




30 


3 X 10» 


<100 




100 


3 X 10» 


<10 


Aerobacter aerogena 


0 


7 X 10» 


5 X 108 


MB 32S7 


10 


3 X 10' 


1 X 10» 




30 


5 X 10» 


5 X 10* 




100 


3 X 10» 


5 X 10» 


Stapkylocecau aureus 


0 


2 X 108 


2 X 10» 


MB 3036 


10 


2 X 10» 


1 X 10? 




30 


2 X 10* 


1 X 108 




100 


<10 


<10 


Shigella sp. 


0 


2 X 10» 


2 X 10* 


MB 3m 


10 


3 X 10' 


1 X 108 




30 


3 X 10' 


1 X 108 




100 


1 X 10* 


6 X 10» 



In aU cases, a smaBer proposdaa of the 

XbactEnal pspulaaon survives to fonn] 
its (a ihe plate ocmtaimng gIuctBe-6- 1 
5 phositos tian on 'tibe phie ^lat tacks this 
poceni&tian. In most cases, llie stAsantial 
teada^ poptdstoD (i^ the ordEr of 1 in 
10* Id 1 m 10*^ ^tat survive high levels 
of pbosphoninnyan are eradicated or nnicfa 
10 leduced when £^ucx)se>-6-pbo!phate is also pre- 
sent. Thus a sensitization of the bulk popub- 
tian and an eWmrronion of re^iaers ere endeot 
when this inducer is pieseuL 



Knample 4 

Sect of Gluco^-6-Fhosph^ on the Size of 15 
» Zone cf Inl^tion Surrounding Sensitivity 
Discs Containing this Sugar Pboq>faate hi 
Comhinatioo with Pbospbooani^cin 
Ovani^ cuhutes of tfas indirmi stmns 
grown in Nucnent Broth (Difoo) were diloed 20 
one hundred fold, and a O.OS-ml pntion was 
swabbed over die sadacc of a pari cEsb coor 
tahimg 10 ml MueQ^ Hhiton Ag^ (Difoo). 
Sensitivity discs, counting of a 7 nun dia- 
meter filter-paper disc csmtaiQmg eidier 5 or 25 
30 /ig of disoditBn pfaospboaon^fcin vradi or 
without an addttional 5 iftg of d i sod im n 
ehiooEe-fr-^boqilate, were pdaced on the smv 
reoe vi the s«ded agar. Zones of mlubition 
were measmed after 18 hoots of incubation at 30 
37°C 



Diameter of Zone of Inhibition mm 



■ Bacterial strain 



5 Jig — 30 pg 
FhiKphononqrcin 
widiout gluoose- 
6-pIio^ihate 



5 Hg — 30 |ig 
Phosphonomycin 
plus ^ttoose-ti- 
phospbate . 



Eschaidaa aU 
MB 2017 

Stapkyhcocaa aureus 
MB 2949 

Aercbaaer aengem 
MB 2Sgt 

Sti^Jvfloeocais aureus 
MB 8036 

SIttgeBa sp. 
MB 3298 



11 
0 
0 
0 



16 

11 

0 

30 

10 



20 
13 
16 
27 
24 



24 
20 
26 
40 
37 



The sensitization ot cdls by ^uccse-6- 
phosidiate noted in the pnot example is here 
made evident by subsmtial inoeases in the 

5 zone of inhibition snnxnmdiog discs that oonr 
tam s mixture of ^ospfaonomydn and ^uoose- 
6-piiasfba&. It a fsrtha notewordiy dtait in 
all cases \riiere zone enhasoemott is observed 
in ite presoice of gluoc5e-6-riioqtoe^ die 

10 inhilntEd area is found to be raativdy free of 
the nqriad of drug isistant oalonies thai sun 
rtnmd a disc of [diosphonomycin by_ ksdf . 
These obsovatioiis of: amsistcot intb the 
induoion by ^ncose^idicspSi^ of an aker- 

15 nate paidiw^ for die entry of phospbonomydn 
mto cells that hav: loa their soimaily ex- 
pressed o-glyoerophogifaaie transport padiway. 

Example. 5 

Examine of a Method for Saeenicg Fbssphaie 
20 Esten as Indusexs of Tjfrm Transport Sys- 
tems of Phcsphmomycm in Eschenchia coJi 
The strain of Escliericlaa coU MB 2498 is 
a subcutnuc of mmm 6 described in Table 



1 of the Joumri of Molecular Biofogy, 31, 
371 (1968). It lads the ability to grow on or 25 
aocnmulate L-o-glycert^hosphate, and is re- 
sistant to levels of phosphonomydn up to 
70 ,«g/ml in Nutrient Broth. fThe parent wild 
type strain is completely inhibited 10 ug/ml 
i& (£s)dium pfaKphonomydn.) MB 2498 is ato 30 
lacicbg in alkaline pho^hsose activity, and 
therefore degrades exogenous phosphate esiiers 
to a minimnm exiwtr. 

In a search for inducers of adidticiial trans- 
port systems for pho^honomydn, 0.05 ml of 35 
a 10' oell/nd suspension was sme^ed over the 
surface of a 50 cm- petri plate containing 
10 ml Nutrient Broth, 1J% Agar (Difco), 
and 25 /ig/ml of disodium phc^honomydn. 
Pq>er d&cs meowing 7 nun in diameter and 40 
c^ble of absorbing 02S ml of solvoii vrere 
treated with sohnions of varbus phosphate 
esters and apfdied to the agar surface. Zones 
of inhiUtion were measured after 18 bams m- 
cubation at 37°C 45 



9 



1,311,956 



9 



10 



15 



20 



Compoand tested 


|ig present 
in disc 


Zone of 
inhibition 
mm diameter 


None 




0 




1.0 
0.5 
0.1 


31 
27 
18 


Finctose^phosphate disodinin 


10.0 


42 


Maniiose-6-pliosphate disodium 


6.0 


31 


2-deoxy-glvicose-6-phospliate disodium 


1.0 


27 


2-Bniini>-2-de(af-gIuco$e-6-phospIiate 
disodhim 


25.0 


34 


Ribose-5-pltosphate disodiam, 
nosohydrate 


25 


35 


rUosFoanayl ^lanoiaioiae 


30 


29 


(3acose-l ',6 '-dq)liosiAate, 
tebqjotassiiun pottahydiate 


25 


34 


Glncose-l-pliospliate disodhim 


25 


31 


5-phoq)hoiyl ribose-l-pjropliosphate, 
dimaeiipsinni dihydtate 


25 


25 


Riboflavio-S-phosphate disodium 


25. 


14 



Among die oQnipom}& in the atiove fyr 
showing CO actxviQ en a levd (tf 25 fig per 
disc were: inosiRri^lio^hate^ adnr^ ivapi. . s' . 
^bsefimsce, galactose - 1 • {dmspbat^ 2'- 
dsoxy libose - 1' - rijosjAate, a-D- ribose - 
1 - rilBsplBite, ft - D - nbose - 1 - pfaos^Aaie, 
a-b- xj^opyranise - 1 - pbo^hae, ^oconic- 
6 - phosphate^ mannose - 1 - ]dK)S]diatc^ 
eiyilnuse - 4 - pitospiiatE, pjndoxme - fdus- 
pbate, thiamine monoidiospha]te;, D - galac- . 
mse - 6 - ^n^hate, D - fnusose - 1 - jrins- 
phaie, Eruccose - 1 - 6 • dipho^ihat^ pho5- 
pbosaine, i^ioqdiaiidyl dddine and N,N - 
dim^liTl - L - [dio^hatidy} ethanolamine, as 
well as an eztemiTe list of son-pfaoq>horylated 
totroses, ptBioses, and hexoses, ThiB 4e 
pottntiation phenomeaion shows s degiee of 
^oafidty, vindt m the oase of the hexose 
phosphaiss seens to include prinmily tfatse 
compounds dm aie generated the hezo- 
Mnases and i n ch tdc s those hexose ptepbates 
known to indmx the ghicosc - 6 - jdv^iste 



transport system (Compounds 1, 2, 3, 4, 
and 9). • 

None of the potentiating oampouiisb at the 
levels tested [midaced zones dl inhibidcn 
natfa MB 2498 sxded {dates ctmsisdng oi 
Nutrient Brotb/Agai ladiing MK 955. 
Sample 6 

Effea of Ccmbinaig Various Phosi^se Esters 
(m the Inhibkion of Several Strains of Bacteria 
• . Ovemight .cidiures. of the in&ated strains 
in Nuttient Broth (Difco)'weiE dfluted one 
hundred fold, .fni . a. O.OS^ml porticm was 
swabbed orer the ^tics' of a 2 mm (Bsep 
layer of the indic^sd soKd .growdi media. 
Sensitivity discs, ccmsisting of a 7-mm- 
ri i a mer p r filter-paper circular disc containing 
either 5 or 30 /ig of disodium phosphono- 
mycm with an additional aninmff of the in- 
dicated pbospfaaiDe eaCEcs, were placed on the 
surface of the seeded agar.- Zones of mhitHtian 
were measured tfter 18' hours of incubotiain at 
37»C 



25 



30 



35 



40 



45 
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Zoos size mm diameter 
(see key bdow fixe phosphate ester added) 



Strain 


P 

ve 


P 


A 


B 


C 


D 


E 


F 


G 


- H 


I 


MB 2489 


5 


11 


25 


25 


20 


30 


22 


21 


18 


15 


22 


MB 2489 A2 


5 


8 


10 


10 


10 


10 


21 


10 


11 


10 


10 


MB 2498 


30 


13 


33 


33 


26 


24 


21 


31 . 


26 


21 


30 


MB 24980 


30 


11 


12 


10 


10 


12 


14 


10 


11 


11 


12 


MB 2017 


5 


12 


23 


22 


20 


17 


16 


21 


19 


17 


19 


T 14 


5 


0 


13 


15 


0 


0 


0 


12 


0 


0 


0 


T 27 


30 


0 


2a 


20 


0 


0 


01 


18 


13 


0 


14 


T 9 


5 


15 


16 


15 


15 


15 


12 


15 


16 


16 


16 


T 10 


5 


21 


23 


23 


23 


23 


22 


22 


22 


23 


23 


T 19 


30 


18 


17 


17 


17 


15 


18 


15 


17 


17 


15 



Key to the identity and amount of phosphate esters added to disc together with phosphonomydn. 

p Phosphonomydn disodimn salt (amount indicated for the column to the left). 

A — ^ncose-6-phosphate 5 |ig. 

B — 2'-deQsy-g^ncos&^phosphate 5 (ig. 

C — ribos&-5-phosphate 25 (ig. 

D — phosphatii^ ethanolamine 25 |ig. 

E — tiboflavin-5-phosphate 50 (ig. 

F — fiiictose-&-pbosphate 5 )ig. 

G — mannose-6-phosphatB 5 (ig. 

H — 2-anmi>-2-deo^F-^cose-6-phosphate 25 pg. 

I ■!— ..^uoose-l-phosphate S5 pj.. , • " ".. 

Sirtaii MB 24S9 Is an Etdierickia colt ihat parent MB24S9 (as expected, since its «- 

gnRTS well on o-gJyoeroiABsphatB and D- g^ycetDfdxisphate transport srstem is active), 

^Eose-5-phasphate. It e^iit»ts on Nutrient it iaS3s to be sdmulated cn Xutricm Broth 20 

5 Bioth Agar moderate sensitivity to lAosphono- Ag3r by any of the hesose phosphate in- 

mydn that is mudi "^■""•a Toj the vtiaAt dacas of the glua)se-6-pli05phate transpor: 

series of hexose-phoq>hate estets (A, B, F, system. In addition, the .failure of n1x>3e-5- 

G, I) that have bem fmmd capable of m- i^iosphate and pE^sphatidyl edianolanune to 

ducinggJucoss>-6-phosiAatettanq)ort pathway, syneigisc suggests that these esters also induce 25 

10 Strain AlB 2f89 A2 was is(toed from the the ghjcose-S-phosphatc transpon syrtem. 

peripheiy of the enhanced zone of inhibmon However, the acrfvity sail exhibited by ribo- 

jurrounmng a disc beumg phb^homanydn i)avin-5-pho3phatc implies the presence of yet 

(S ,iig) and ghicose-6-phai3pb3te (2Sjig). It a third indudble pathway that mediates cn- 

was'foimdogrowwdloner-^yoerDitephat^ hanoed phospteHiomydn transport. 30 

15 but to show no stimulation of growth by Strain MB 2498 is a mutant of MB 24S9 

gIucos6-6-ph()sphate. AM»u^ dds strain is as that lacks the ^-glycerophosphate pathway (i.e. 

sensitive to phcsphonomycin alone as is the it fails to grow on ar-gjyierophosphate but 



11 



1.311^56 



11 



retains die ghiccs&-6-pbDsphaGe inducible sys* 
tern). Altlisugh it is much less sensilive oa 
Ntmient Bn»b Agar id pthosphoiiDmycin as 
sudi dmn MB 2489, it letains ^ ability to 

5 b: stimulated bv the phosphate ester indiKSis. 
Strain MB 24980 was isolated as a resis- 
tam coloDjr from a {date cootmning 25 ^g/ 
ml of pbo^tkmomydn and 25 f^g/ml of 
ghia>^6-idi!Dqthate. In keying wkh tie above . 

10 results, its smsitivky m Ntmient Brodi Agra ' 
to piiok)faonomydn is '^'"ti"^ nild^ by ifbo- 
Savin-5-^sdjate. 

&isdn MB 2017 is en EsekerieMa eoli 
padngeoic for mice. It esUbits broad sensM- 

15 mion on Nutrient Brodi Agar ttse entire 
of pho^date ester indtscos. 
Strain T 14 V6 a KkbaeJIa swedes istdated 
fn»n the urine a jratient just about to 
receive p]i(^honomy<±i therapy; T 27 is a 

20 Klebsidla spedes isdsted bom tbe urine of 
a padsit who had been on phoqifaonomydn 
oral therapy for seven days. Bodi of the strains 
are iraistant on Ntitrieat Bnnfa Agar to phra- 
phuuunydn by itself, but show mnifentte senji- 

25 tiviiy m the presenoe of a variety . <rf hi- 
duceis of tls glticose-6-pho^hate padnvay. 

Strains T 9 mdT 19 stt Etrains of Pseudo- 
im/m amtgwosa isokctsAttom^urme of ior 
fected hunans. They show no significant te- 

30 spoDsc on Nutrient Broth Agar to the above 
phosjibate oteis. 

Steain T 10 is a, Proteus mrMDs strain 



isolated from the urine of an infected human, 
and shows no significant response on Mueller 
HiiEtDn Agar to any of the above phosphate 35 



40 



Example 7 

The Effect seen in Various Growth Media of 
GhioosB-6-Phospbate on tls Size of tbe Zone 
of Mobition Surrotmding Sensitivity Discs 
Containing this Sugar Phoqdiate in Combina- 
tion widt Pho^hMiomycin 
An overnight cuhme of EsekerieMa eoU, 
MB 2489, grown in Nmrienc Bitnh was 
diluted one himdined'fold, and an aliquot of 
O.OS ml'was swabbed over die surfoce of a 
2 mm deep agar mediun oonsisdng of eidier 
Nutrient Biudi, \JS% Agar (Diroo), Brain 
Heart Miisini, U% A^ (DifcoX MtsUer 
Hinton Agar (Difco), Trypticaso-Soy Agar 
(BBL), or a "human urine-agar." Tat \mss 
medhim was prqiaied by cesitrifbging adidt 
male urine collected immedi»tdy after sleqs 
memlsane filtering tbe st^emscaat to adiieve 
steiilky and comUning tiie filtraiS widi one 
tenii] vokme of autoc^ved 15% Noble Agar 
(DifcD^ in water to pmduoe a solid medimn. 
Sensitiviiy disc^ consisting of a 7mm diameter 
fitter paper disc containing dtfaa 5 or 30 jig 
of di^xiium phD5]dionomycin with and with- 
out disodium gluoose-6-phiDsphat^ were placed 
on tite surface of die seeded agar. Z(mes of 
inhibition were measined ate 18 hours of in- 
cdwitJon at 37°C 



45 



50 



55 



60 



DiamrtuT of Zone of Inhibition — mm 



Medium used 



5 pg 



30 re 



Fhosphonomydn 
alone 



5 |ig 



30 pg 



Fhosphonomydn phis 
^uoose-6-phoq>h3te 
(25 pg) 



Nutrient Brodi 


12 


24 


28 


33 


Mueller Hinton Broth 


0 


14 


20 


26 


Brain Heart Iniudon 


0- .. 


12 ... 


16 


20 


• -Tiyptiease-Soy BroA • 


0 - .... 


. . " - 15 


. ...18 . .. 


. . 24 .. .. 


Human urine 


9 


19 


14 


26 



The acdvity of pho^honomydn alone is 
dsariy mtagmized rdative to Nutrient Broth 
in the odier media employed. T%is antagonism 
can be attributed to a major extent to high 

70 levels cf sodium diloride in Mudlts Hinton, 
^ucosc and phoqdiate in Brain Heart In- 
fusion and Ttypdcase-Soy and phosphate ion 
in human urke. These u^erfeimg {msnimiena 
are substandally overoDine by tiie indiBioa 

75 of gluao£:-6-[^sphaite in the senativity disc. 



_ Example 8 
Effect of Glubose-6-Pnosidiaite on the Sensi- 
tivity of Esclierichia Call Strains to Several 

Phosfdn^Vfmydn Analogiis 
- Overnight cuknres of Eschaidaa coU, 80 
strains MB 2489 (possssing bodi the o- 
glycenphosphate transpon and the glucase>6- 
phos{Aate ■ttsnspon ^rstems) and MB 2493 
(possessing only the ^acose-6-phoispliate path- 
way, and therefwe reteively resistant to 85 



12 
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phoq>hoi>omfcin alone) were diluted one faun- 
dml fold and a 0.05-inl portion was swabbed 
over the suifaoe of a 2 mm of Nutrient Brodi, 
Ijy, agar (Difco). Sensitivity discs consln- 
ing of a 7-inm-diainster jpaper disc oontaimng 
diSKCum phosphonomycin or on: of the in- 



dicated analogues in the stated quonttdes to- 
gether \ritfa an additional 5 ag of discdium 
^na>!e-6-phosphaie where indicated, were 
placed on the surface of the seeded agar. 10 
Zones of inhibition were measuied after 18 
hours of incubation at 37 'C. 



iMB 2489 MB 2498 



Active substance 



Amount 


no 


+ G— 


no 


a. G — 


PS 


G-6-^ 


6-P 


G-6— P 


6-P 


5 


14 


28 


0 


30 


2.5 


12 


25 


0 


24 


1.0 


0 


20 


0 


24 


0.3 


0 


18 


0 


15 


500 


20 


38 


9 


42 


50 


0 


32 


0 


36 


5 


0 


13 


0 


16 


500 


16 


35 


8 


38 


50 


0 


26 


0 


29 


5 


0 


10 


0 


12 



Phosphonomydn 



l-meihyl-1,2 epoqredijd 
phosphonic add, mono 
diqrdoheKyl amine salts 

1,2 qxagrethyl phosphonic 
acid, ificTdohesyl 
ammoniuni salt 



16-hour broth cultures appropriately dihiicd 
m brain heart infusion. For E. coU the chal- 
Imge contained 2.5 x 10' cdJs or 7 LD.„ 
doses; for Slugelh, 23 x 10' cells or 3 LDj. 
doses. At the tfm: of infeaicn the disodimn 30 
salt of pfao^honomydn and sodium ghicosc- 
6^hosphatc was administered separately in 
0.25 nd. subciaanaiusly at a squrste site, one 
on eadi side of the dorsal surface. The re- 
sults of these tests are shown in the foltovriog 35 
table: 



m>sQ snbcotaneously 



Disodiom 

phosphononqrcin DSP -f- l.Omg DSP 0.1 mg 
(PSF) G-6-P G— 6— P 

G-6-P ' 



Test Organism 


MS 


J«g 




K 


0/ 
>0 


MS 


% 


Esdteridtta coU 
2017 


>4000 


155 


too 


12 


8 


91 


58 


Sk^eHa (11&-57) 
3303 


>400O 


1000 


100 


82 


8 


1500 


150 



GIucDse-6-pbDq>bate is observed to so 
15 potentiate the sensitivity of phosphonomydn- 
senskiTe and resistant strains that they now 
rspond to weak analogues of pbDsphonomydn 
to the same degree as to pliosphonomydn by 
itself. 

20 Example 9 

Effea of Phospfaonomydn and Gluccse-6- 
Phosphate and Combinatioiis dieieof in Treat- 
ment of Infected iVIi« 
Female CDJ mice of average weight; 
25 225 were infected intraperiumcally mth 



Example 10 
Effect of Phosphonomycin and . GlnC3se-6- 
40 Phosphate, and Combinations thereof in tfai 
Treatment of Infeaed i^ce 
In further mouse tests cnrried out as de- 
scribed in Example I except that the antibiotic 



was combined with the sodium ghioose-6-pfaos- 
phate and given in on; injection, die foliow- 45 
ing results were obtained in mice infected with 
Aerobacter aerogems and Slaphylocoeats 
annus: 
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Disodinm phosphnnomyem (DSP) 8.C. EDgo mpg 





DSP 
Alone 


JigG-fr-PaddfidtoDSP 


G-6-P 
ED,oUsed 
alone Qtg} 


Test Organism 


4000 1000 50O 


.100 


Aenbaaer aerogaia 
3148 


10,000+ 


287 3,000 7,700 


10,000 


>4,000 


Staphflocoeaa aureus 
Smith 2949 


96 


22 50 




>4,000 



Ezas^ 11 
Effea of Fnicixf5e-6-PfaDS]tee in Poteotiaiting 
HioBidiQnomydn in Mice 
The efficacy of fiticUfte-6-pliDsphaite m 
potentiating die control hj pht^nonomydn of 
experimental bacterid infectiras in mUx was 
compared whfa that of gjuoose-6-phospliate in 



tests folbwing tlte prwood of £xasq;de 10. 
Again the antibiotic was comlnned Witli tbe 
sugar pho^ilhate in a nngip suboAaiRoiB in- 
jection administered at tis time of iima- 
peatoneal moadfai(m with Escherklda eoli, 

MB Ton, 



Potentiatoi 


Dose Oig) 


EDsciig 
njosphonomycm 


None 




2000 


Glncose-6-phosphate disodium 


1000 


17 




600 


31 




300 


69 




100 


470 


Fiuctose-6-phosphate disodium 


1000 


17 




600 


57 




300 


202 




100 


534 



20 



25 



Fnict05e-6-ids>sp}me is seen to eserdse a 
dq^ of potentiation toward plti>S[dionomydn 
^hat is oompaiable with than observed pre- 
viously in the pcusllel experimmt wtSi ghioose- 
6-phi^haiB. TMs equivaloicy expeccedl 
both from the smSar enbancemeiH of mhibi- 
tftm observed in vitro, in Example 5, whm 
eidier of tiiese sugar {djosphsitcs were combined 
with phosphonomydn, and from the cemtamty 
of tfa^_ imerconveisioo by die ample phosfdio- 
^uooseisomerase activi^ present m i^asma. 



Ghicose-6-phosphate 

eg 



Route 



£zanq>lc 12 
Therapeutic Efficacy of Phosphonnmycin 
AdminiKered Orally Do Infected l\iice Receiv- 
ing Glucose-6-Pla)sphate 1^ Either the Oral 
or SubcutaneoiB Route 
The proDocol of Example 9 was followed for 
tiie case of Eschericlna eoK 2017 except that 
immediaitdy upon infection the disodium salt 
of pUo^hosomydn was administered orally, 
vime disodium g&B:ose-6-phosidi3ti^ whesre in- 
dicated, was administEicd eitiheir (nally or by 
the subcutaneous route. In no case jamteo- 
tion observed when ghicose-6-irixfsphaie was 
ad minister ed done a the 4000 ftg levd, (saJly 
or subcutaneously, in tiie absence of pbos- 
phonomycin. 

Dose of phosphonomycin (jig) 

administered orally that 
protects 50% of animals (EDoo) 



1000 
100 



orally 
subcutaneous 



2000 
2000 
37 



10 



30 



35 



40 



14 1311.956 

Glucose-6-pho!pbste is an effective pcrcoi- 
tiator of dieraOT for phcrphonoinjxin adnunis- 
tered oraUy (25 fold jsnr Idzatica) when sugar 
phosphate is administered subcataneously. Ko 
5 seasitizaxion is observed wbai the sugar plrc> 
phate is administeied o<ally at diat kveL 

Esample 13 
Therqjeutic Efficacy of Phcjphmomydn Ad- 
miaisfaed Parenterally to Infected Mice 
10 ReoeiviBg Gluec;5-<)-P1iasp!iat<5 Salts Orally 
The prctoail of Esample 9 was followed 
for die case of Escbericlua coli 2017^ escept 
tlm immediately after infecdon the dtsodiom 
salt of p!ios[dio]ioinydn was administered sub- 

15 cutanemidy, while glucose - 6 - phosphate in 
die indicated form was sdmtnisteicd orally by 



14 



gavage in 025 ml. of water. In no case was 
protccdon observed with the glucose - 6 - phos- 
phate salts administered alone, nor did the 
oral adminlstradon soldy of 2J mg. of n- 
ociylanunamum chloride (without glucose - 6- 
phoOThate) decrease the ED;, of phosphono- 
mycm coadministered parenterally. The n- 
oayl - ammoniran salts of ^ucose - 6 - phos- 
jAate were prepared by converting its disodium 
ailt to the free acid by passage through a 
column containing a 20-fold excess of Dowcx- 
50 (H+ fotm), followed by neutralisation of 
portions of the eluatc with either 0.7, 1.5, or 
2.0 molar equivalents of the ftee n-ocwlamine 
base, and 1 j, Oi, or 0 molar equivsdenis of 
NaOH respecdvely, w give a final pH of 75 
ineacb case. 



20 



25 



30 



Glucose-6-^^hate salt 



Dose of pfaosphottomydn 
that protects 50% 
of animals (ED^a) 
(MS) 



TEST I 



500 



disodium 
salt 



100 
50 
25 
12,5 
6.25 



27 
63 
125 
302 
531 



sodium 0.5 
-r «-octyl- 
ammonimn 15 



10 
1 



66 
302 



TEST n 



none 

di-»-ocyl- I 
ammomum i 



sodium 0 
»ocr^ 



3 



827 
125 

168 



sodium 1.3 
n-octyl- 

fmiTnftnntm fl,7- 



714 



15 



1,311^56 



15 



Giuco» - 6 - [diosphate administered orally 
potmtiates therapy fay pboqiiioiioinydn, and is 
rendered more efficient in diis eSect in pro- 
portion to the £raciion of inorganic countericm 
5 replaced by lipofdnlic amine. 

Example 14 
Potentiation by Coadministaced GaIactose-6- 
phospbate of Ptm^honQmycin Hietapy in 
Mice Infected widi Stafkyheoca 
10 An examinadoa of t]ie e£Scacy d ^lactose- 
6 - phoqdiate in potentiating the control by 
phosphiHuanycin ot espetimenttd Stapltyheoc- 
ad infecti<H)s in mice was (DStifiMl hy liie find- 
ing, made in an implication to diis strain of 



the methodcdogy described in Exam]^ 6, that 15 
25 us of diis sugar i>hosphate when added 
to a sensitivity disc bearing 5 /tg of phosphono- 
mydn produced a 21 mm zone of inUbition as 
opposed to a 17 mm zone for the unsupple- 
menied disc, when the discs were placed on a 20 
Nutrient Agar plate seeded with Staphyloeoe- 
eia auraa Snudt 2949. In the ^hexapy trial 
below, the antibiotic was combined widi the 
sugar phosphate in a single subcutaneous in- 
iecdon administered at the time of intra- 25 
peritoneal injecuon with 10* cells per mouse 
(14 LDm's), with cells grown for 16 hours in 
brain-heart infusion. 



Dose EDjo 
Potentiator (p^ (ng PhosiAmomycin) 



none — 212 

disodmm ^aoos&4- 4000 91 
phosphate 

disodmm galactose-6- 4000 25 
phosphate 



30 The efiecdveness of galactose - 6 - phos- 
phate as a potentiator is explained 1^ the dem- 
onstrated enst tnce in Staphylococcus of an 
inducible galactose - 6 - ■phaspiisa transport 
system. Galactose - 6 - phosphate is a meta- 

35 boiiis of lactose hydnilyns miique to "rfrwin 
Gram-positive ozganians, not howew gen- 
erated or miliTfd by E. adu This accounts for 
the failure of galactose - 6 - phosphate to po- 
tentiate idra^hooomydn action on £. colt (Es- 

40 ample 5). 



Example 15 
Effect of MBnnose-6-pbosphate in Potentiat- 
. ing Fhosphonomycm m Mice 
The e^acy of mannnse - 6 - pho^hate in 
potentiating the ctocrol by pho^honamydn of 45 
experimental infections in mice was compared 
with that of glucose - 6 - phosphate^ in tests 
foMowing the protocol of Esami^ 10. Again 
the antibiotic was titrated in combination vritfa 
a series of fixed levels of sugar phosphates in a 50 
an^e subcutaneous injection administered at 
die time of intrapeiitoneal inoculation vrith 
Escherichia eoli MB 2017. 



Potentiator (pg) (ng Phosphwuanydn) 

none — 1420 

disodhim ghicosc^ 1000 18 
phosphate 

^sodinm maimose-6- 1000 19 
phosphate 

» 500 23 

250 92 

» 125 490 



16 



16 



Mannose - 6 - phosi^iate eserdses a degree 
of potentiation towaid {diosphonomydn equi- 
valent to fiat d compaiabJe levels of glo- 
cose . 6 • phosphate, even dioogh its effect 

5 in vitro is only one-tenth that of glucose - 6- 
pho^ate. This discrepancy can be attributed 
to d^ conversion of mannose - 6 • phosphate 
to glucose - 6 - phosjtoe £r zivo by sequential 
action of mannose - phoqihate - isometase and 

10 phosphoglucose isomeiase^ enzymes whose 
acdvities are demonstrable in plasma and in the 
walls 6t blood vessels. 



Esampk 16 
Potendaiioa by Ghicose - 1 - phosphate and 
Ribose - 5 - phosphate of Phosphonomj-dn 15 
Therapy in Mice 
The efficacy of glucose • 1 - phosphate and 
ribose - 5 - phosphate in potentiating the con- 
trol by phosphonomydn of esperimemal bac- 
terial infections in mice was compared widi 20 
that of glucose - 0 - phosphate in tests foUow- 
ug the protocol of Esan^le 10. Again the 
antibiotic was titrated for its curative efficacy 
in oombinadon with the mdicated fixed levels 
of sugar phosphate in a single injecuon adnuni- 25 
steted at the tone of mtrapetitoneal inoculation 
widi £ coli MB 2017. 



Dose ED,o 

Potentiator 0>S) (CS PbosphraomydiO 

none — 940 

disodtom ghicose-6- 1000 5 
phosplotc 

dipotassinm ^uoose-l- 1000 9 
phosiAate 

disodhim jibose-5- 1000 158 
phosphate* 



* This sao^ was dosonstrated by a specific assay with 
glncosei^^ihosphate dehydrogenase to be contaminated by 
no more Oan one part per thousand of glnoose-6 phosphate. 



The potentiating abiliqr of 1000 .ug of 
30 ribose - 5 - phosphate while significant is 
equivalent cmly to that [noduced by approsi- 
matdy 100 ^ of glucose - 6 - phosphate (see 
Esaiiq)le 11). This degree of tehitive potenc)* 
was antidpated from die ratio of the weights 
35 of ribose - 5 - phosphate to gluoose - 6 - phos- 
phate n4iidi produce equivalendy enhanced 
zones of inhibition in zitro (Esample 5). The 
equivalent potendes of glucose - 1 - phosphate 
and ^ucoss - 6 - phosphate itt vizv, despite dif- 
40 foenoes in vittv, is most likdy ataibntable to 
rapid converaon of the 1 • {^loqdiate to die 6- 
phoqihate by the action of pht^ibo^ucomm- 
ase, loiown to be present in plasma. 
Example 17 

45 Potentiation by CoadminisKted Lactose of 
Phosphonomychi Therapy in Mice Infeaed 
with Strepcococd 
On api^ying the meOBidology described in 



Esample 6 to the Streftococci, it was found 
that 250 Kg of lactose added to a sensitivity 50 
disc bearing 30 ug of phosphonomydn prcK 
duccd a 27 mm dumieter zone of inhibition, as 
compared with a 12 mm zone with on un- 
scpplemented dist^ when the discs were placed 
on a Nutrient Agar plate seeded widi Strcpto- 55 
cccaa faecaHs R. In the therapy trials bdow, 
14 colony - forming units (7 LD^^'s) of the 
pathogenic StrcpiociKciis pyogenes (1934) 
grovm in brain-heart broth supplemented with 
lOyi^ horse serum, were inocukted intraperi- 60 
tonrally. Sunultancously, 0.5 ml of eidier a lac- 
tose solution or a saline control were injected 
subcutaneously followed m Trial I by a single 
0.5 ml dose (rf phosphonomydn orally (by 
gavage), and in Trial II by 4 successive 03 65 
ml oral doses of antibiotic at 0, 2, 4, and 6 
hours post infecdoa 



17 



1,311,9S6 



17 



ED< 



Potentiator 



Dose (total phosp^onomydn 
(mg) administered — )tg) 



TRIAL I 



none 



TRIAL n 



none 
lactose 



3^50 
1^530 



2,100 
800 



Neatral saodiarides are thus capable of 
poifntiming pho^onimiydn action in vho as 
in titro. Ceioin Streptococci, in coinnuHi witii 
5 Stafi/iylococci, also show indudbte msa^ 
bohsm of lactose to galactose - 6 - piiospdiate. 

The following experiments, thou^ not part 
of the inretttion give further bac^roimd in- 
VEQtton gtve hsc&et bacliground ioformsdon 
10 conceroii^ traisport 'Systems in baoteda. 

Experiment 1 
Efficacy of Fho^^nomydn in Protecting 
Mice Tnfrtifd Mm^t Bacterial Isolates 
Di^laying High Levels of the L - a - C^- 
15 cerophosi^ate Transport System In the 
Absmce of Imteer 
Mutants \9e1e isolated from £ coli 2017 
Dsing a mutagenesis and mutant detection 
screen described in Biodtiaiica et Biophyska 
20 Acta, Vohane 60, p. 422—424, 190, and 
tlKse nunants showed hig^ levds of o-gjy- 
ceroidiosiriiate and gjt^cerol metabolian with- 
out the need for prior growth in the presence 
of these inducers, sudi as is shown by die 



natural strains. The diameter the zones of 25 
inhibitiott around sensitivity discs bearing 5 ug 
of pho^bonomjndn, placed on Nutrient Agar 
plates seeded with mutants d, C., and the 
parent somn, were 20, 24, and 12 mm respec- 
tively. Since vsre bawc diown (E:saap]e I), that 30 
the addition of glycerol to sudi discs on the 
parait strain inaeasss the zone aze to 26— 
29 mm, we cosdude diat the nnitant strains 
possess levels of the phosphcmomydn trans- 
port ^stem (ue., the L - a - Glycerophosphate 35 
transport system) companble to those of in- 
duced wild type strains. Therefore, the res- 
ponse of these mutants to phosphonomsran 
tfasrai^ should be predictive of die refuse of 
indnr wl wild type strains in other situations. 40 
Muonts C and Q. and the parent strain were 
grown under identical conditions (described 
in Ezam^e 9) and were inornlated introperi- 
tonea% mto mice at die indicated diallenge 
levels. Mice were injected snbcutaneously widi 45 
l^osi^ionomydn immediately following infeo 
tioa 



Bacterial Strain 


Ko. of Cells 
Inoculated 
(virulence) 


(pg phosphonomycin) 


B. coU 2017 
(parent strain) 


4.2 X 10» 
(10 LDjo's) 


943 


Mutant Ci 


4.7 X 10» 
(30 LDjo's) 


12 


Muant Ci . 


.. J.2 X.JO' 
. ..(?LD5,'j>). . 


. , , .14 



Thus, even though these" mutants possess diat the unipdiKtd wild-type strain displays in 
50 full virulence^ diey are controlled by remade- mcd .far less than its fidl mdudble capacity 
ably low leveb of phosphonomycin, implying for responding to i^osphonomydn. 



18 



1,311,956 



18 



Experiment 2 
Effect of Coadministered Ghicose - 6 - Phos- 
plaXB on the Susceptibility <a Phosphono- 
mydo, lit Viiro and In Vim of a Becteiial 
5 Variant That Had Aoquiied Resistance to 
PIu>spbonra>9dn Dmin^ Thera^ in Man. 
The strains of Esehenchia coU used below 
represent, in die case of M 13, an isolate ftom 
the urine of an infected female just prior to 
10 her treatment trith phos^dionomydn, and in the 



case of M 21, aa isolate of the dmg-HKisQnt 
organisms present in the urine of this indivi- 
dual after therapy for 7 days with the anti- 
biotic. TTie m vitro susoeptibilitjr tests were 
perftmned in the manner described in Be- 15 
ample 6. The in vim mouse protection trial 
was carried out as described in Example 9 
following intraperitoneal diallenge with the 
indicated lumiber of organisms. 



m vriRO suscEPTiBiLrry tests 

Zones of inhibition (mm) sunoundiag discs 
beaiii^ 30 pg of phosphononmin alone, 
01 m combmation wim 5 iig of glacose-6- 
phosphate 

Phosphonomyctn plus glucose -6- 
alone phosphate 



E. coH M 13 19 28 

& M 21 0 20 

(less than 7 mm) 



CURATIVE EPnCACY OF PHOSPHONOMYCIN IN INFECTED MICE 

(Edjo's in mg) 

Fhosphonomydn co- 
administered with 
Fhosphonomydn 1 mg ghicose^ 
above phosphate, disodinm 



S: caSM 13 

3.7 X 10» eens 0.25 0.035 

= 8 LD.o's 

E.coHM.21 

1.2 X 10' cdls 17.5* 2.5 

= 10 LDjo's 



* At die highest drug levd admmisteied to this group, 20 mg 
per mouse, obJj 3 of the 5 iofeaed animals were protected. 
In the other three gioi^ complete protection was observed 
at no ii^aa than tvrice the median levd quoted. 

Since the resistant strain retained the ability infections of man'. When transport is evoked 

to respond to phosphonomspn iipon co-addi-^ by the inte ntiona l coadministiadon of inducen, 

tion of ^tioose"- 6 -'ph'o^&i' it~riray' Be resistaha to pfio^ihmi^ydn should be pre- 
inferred that the hezose - 6 - phorobale trans- vented or overcome, and the therapeutic dim- 30 
25 portpathwayisnotagnificantly iniuicedby en- {nation of such strains dioald be made pos- 
dogeneous substances in die lutunil uiuiary sible. 



19 



Ull,956 ■ 



19 



10 



. . Eq>eriment 3 

Effea of Coadministered Glucose - 6 - Phos- 
phate on die Sosceptibilit^to Phi^ifaoiiomydn, 
In Vibv and In Vim, of a 'Wad-Type, In- 
dudble Bacterial Strain and A Non-InduciMe 
Mutant Denved Thor^m. 
A mntant dfsignaTwt 2017 A showing no 
additioiial response in vitro to ^sjAonamy- 
dn upon addition of gtocose - 6 - i^o^bate 
was isolated- ficom its paxaix, the natnially 



oocuaing pathogen Escherichia coli 2017 by 
the pnxsiure daoiibed in Eicamite 6 for the 
isoladon of Strain MB 2489 A2 from its parent 
MB 2489. Mutant 2017 A showed a normal 
ability to metabolise ^ucose - 6 - pho^bate. 
Its in vitro susceptibility vo phosphonranydn, 
in viva, relative to the patent strain, was deter- 
mined twice in mouse protection trials des- 
cribed bdow, by die protocol established in 
Ezami^ 9. 



15 



20 



IN VTTRO SUSCBPTIBILITy TESTS 



Zones of inhibition (mm) smrounding 
discs bearing 30 (ttphosphonomydn 
alone, or in combmatinti with 5 )ig of 
glucosft-6-phDspbate, dosodhim. 

Phosphonomydn phis glucose -6- 
alone {dinsphate 



K coU 2017 
E. coK 2017 A 



18 
17.5 



27 
18 



CURATIVE EFFICACY OF PHOSPHONOMYON IN INFECTED MICE 





(EDgo's in mg) 






Phosphonon^dn 
alone 


Fhosphonoiiiydii co- 
adminstered with. 
1 mg gliicosc-6- 
phospbate, disodiom 


TRIAL I 






B. eo& 2017 






1 X lO" cells 


0.230 


0.015 


= 9 LD„'s " 






, .E, coUm? A 






. l i 10» cells 


0.166 


0.284- 


= 7 LD.o's 






TRIAL n 






B. coU 2017 






5 X lOS cdls 


0.821 


0.021 


= 13 LDjo's 






E. eoU 2017 A 






9 X 10« cells 




1.130 


= 33 LDj.'s 







20 



1,311^56 
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The indifference of mutant 2017 A to die 
combination of glucose - 6 - phosphate with 
phosjAonomydn m viltv, h icSectBd per- 
fectly m vho by the faihare of co-administered 

5 glucose - 6 - phosphate to enhance the ^cacy 
of phosphonomydn in treauiKnt of mice in- 
fected by this mutant. Thus die nonnal poten- 
dation ^ glucose - 6 - phosphate of phos- 
phonomydn's curative effect must be ^triouted 

10 ID its direct acdon on inducible infecting 
Eirains of bacteria and not by any host res- 
ponse that be conjectuKd (such as en- 
ranced drag absorption or immune re^onse) 
whid> would have cnected die mutant as f avcr- 

15 ai>ly as the parent stram. The similar efficacy 
of phosphonomydn alone, against infections 
due to indudble and non-indudble oiganiansi, 
imjdies that endogmeous inducers are dther 
ateent from or at too low a level (in diose 

20 areas of the bocfy invaded by microoiganisms) 
to evoke the biosj/nthesis of the hexose - 6 - 
phos{^ate tranqiort system. Thus the mmi- 
fest potential benefits resulting fxoja induction 
of tlus sjrstem, requite esplidt adminisoation 

25 of esogeneoDS inducer by the therapist 
WHAT WE CLAIM IS:— 

1. A mediod of potcniiatiBg the antibac- 
terial activity of a phosphonomydn antibiotic 
in a non-hnmaii anonal, that comprises biing- 

30 mg bacteria into cootaa with an inducer 
selectEd from phosphatides, sugar phosphates 
and sahs thenwf,. and polyhydric alcdiols, 
n^iettt^ an existing phosphonomydn trans- 
port pathway in die bacteiia is enhanced or a 

35 new pathway is ixonght into bdnp, and subse- 
quendy or simubaneoudy bringmg the bac- 
teria into contact with a ]riiosphononiydn anti- 
biotic. 

2. A mofaod as rl"""*^ in daim 1 in v4uch 
40 the inducer is ^nxse - 6 - phosphaffi. 

3. A method as daimed in daim 1 in whidi 
the inducer is mannose - 6 - phosi^te. 

4. A method as dahned in daun 1 in which 
the inducer is gjnoose - 1 - pho^hate. 

45 5. A method as daimed m daim 1 in whidi 
tile tfi'^""*^ is libose - 5 - phos{dtate. 

6. A method as daimed-in claim 1 in whid) 
the iitducer is galaaose - 6 - phosphate. 

7. A m^hod as daimed in claim 1 in idiich 
50 die inducer is laaose. 



8. A mediod as daimed in daim 1 in whidi 
die inducer is ^yoerol, DL-a- glycerophos- 
phate, glucose - 6 - phosphate disodium or di- 
potassium, fructose - 6 - phosphate disodium, 
mannose - 6 - phosphate disodium, 2 - deoxy- 55 
glucose -6 - phosphate disodium, 2 - anuno- 

2 - deo:g: - glucose - 6 - phosphate disodium, 
ribase - 5 - phosphatie disodium, pho^haridyl 
etfcanolamin^ glucose - l',6' - diphosphate 
tettqiotassium pentah>'draie, ghicose - 1 -phos- 60 
phate disodium, 5 - phosphoryl - libose - 1- 
pyropbospfaate dimagnestum dihydrate, ribo- 
flavin - 5 - lAoaAate disodium, galactose - 6- 
phosphate disodium or a ghicase - 6 - phos- 
[diate » - octylammoiuum salt _ 65 

9. A method as daimed in any one of daiins 
1—8 in which the phosphonomydn antibiotic 
is a salt of phosphonomydn. 

10. A method as claimed m any one of 
daims 1—9 in which the inducer and the and- 70 
biotic are administeted parenterally in a single 
oomp(»ition. 

11. A method as daimed in any one of 
daims 1 — ^9 in which the inducer is adminis- 
tered parenterally and the jrfiosiAonomydn 75 
antibiotic oradly. 

IZ An antibiotic composition compridng a 
phosphonomydn antibiotic as herein defined 
an inducer of a phwqjhonomydn uansyort 
system in bacteria, seleaed from phosphatides, 80 
sugar phoqihates and sahs thereof, and poly- 
hydric alcohol^ and a pharmaoeutically accqjt- 
able carrier, diluent or vehide. 

13. A oomposiiion as daimed in daim 12, in 
die form of taUets, powders, granules, cap- 85 
sules, suspensions, solutions, disiis, syrups or 
steiilized solutions or suspensions for paren- 
teral administration. 

14. A composition as daimed in daun 12, 

in topically administrable fonn. 90 

15. A method as daimed in daim 1, sub- 
•tantiaUy as hereinbefore described in any 
one of Examples 1 — 17. 

For the Applicants 
D YOUNG & CO 
Charterel Patent Agents 
9 and 10 Sujde Inn 
London WCIV 7RD 
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